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Executive Summary

PacRim Coal, LP has petitioned the Alaska Department of Environmental Conservation (ADEC)
for site-specific criteria (SSC) for waters within the Chuitna Coal Project area. Tetra Tech
conducted toxicity tests used to calculate the USEPA Water-Effect Ratios (WER) for Al, Cu, Pb,
and Zn. A Confirmatory test was requested by Region 10 EPA to test the toxicity of a mixture of
the four metals at the proposed WER derived SSC criteria (also conducted by Tetra Tech).

ADEC has requested an independent toxicological review of the toxicity test documents
produced by Tetra Tech in support of PacRim Coal’s petition, including a review of ADEC’s draft
analysis of Tetra Tech’s WER studies, and a review of Region 10 EPA’s analysis and comments
on Tetra Tech’s WER studies. ADEC also requested expert input on responding to two
qguestions: (1) Whether use of the mixed metals Confirmatory tests to derive chronic criteria is
appropriate given the chemistry and precipitation problems associated with this test?; and (2)
Does the methodology allow the use of individual WER tests to derive site specific criteria, even
if the mixed metals Confirmatory tests did not have metals concentrations as high as the
individual WER tests?

The current report is authored by Dr. Ruth Sofield, and provides an independent evaluation of
the work completed by Tetra Tech, including an assessment of individual metal WER tests and
Confirmatory (mixture) tests, and responds to ADEC’s questions relating to the use of specific
tests to derive SSC. As detailed in the report, Dr. Sofield does not recommend changing the SSC
derived from the WERs to SSC derived from the Confirmatory tests. As opposed to using the
Confirmatory results to derive SSC, Dr. Sofield recommends that the SSC be derived for Al (as
total recoverable) using the single metal WER, and recommends that Cu and Zn criteria be
derived (as dissolved) using the individual WERs for those metals.
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1.0 Background

PacRim Coal, LP retained Ruth Sofield, PhD through ToxServices LLC, to review documents
and provide a technical professional opinion on the site specific water quality criteria (SSC)
adjustment for the Chuit River, as part of the Chuitna Coal Project. PacRim has petitioned the
Alaska Department of Environmental Conservation (ADEC) for site-specific criteria for waters
within the Chuitna Coal Project area. Tetra Tech (Owings Mills, Maryland) conducted the
toxicity tests used to calculate the USEPA Water-Effect Ratios (WER) for Al, Cu, Pb, and Zn. A
Confirmatory test was requested by Region 10 EPA to test the toxicity of a mixture of the four
metals at the proposed WER derived SSC criteria (also conducted by Tetra Tech). Subsequent
to the Confirmatory test, the SSC adjustment application for Pb was withdrawn (Tabor,
personal communication, May 5, 2014). ADEC has requested that an additional toxicological
review of documents produced in support of this petition take place.

1.1 Objectives of this Review

Specifically, the two primary objectives associated with this review as requested by ADEC are:

Objective 1. Expert review of the Water Effects Ratio (WER) studies (original and mixed metal
confirmation tests) for the SSC, review of the Alaska Department of Environmental
Conservation’s (ADEC’s) draft analysis of the WER studies, and review of Region 10 EPA’s
analysis and comments on the WER studies.

Objective 2. Provide a response as a technical professional opinion of the following key
questions:
a. lsit appropriate to use the mixed metals Confirmatory tests to derive chronic criteria
(as Region 10 EPA suggests) given the chemistry and precipitation problems
associated with this test? As described by ADEC “Aluminum makes this approach
especially problematic since the original criteria was developed under different pH
and hardness conditions and with different species than were used in the mixing
metals test. Aluminum also complicates the chemistry for copper in the mixing
metals test.”
b. Does the methodology allow the use of individual WER tests to derive the site
specific criteria, even if the mixed metals Confirmatory tests did not have metals
concentrations as high as the individual WER tests?

1.2 Qualifications

Ruth Sofield completed a PhD in Environmental Science and Engineering and a post-doc at
the Colorado School of Mines (Golden, CO) with research expertise in aquatic toxicology, and
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radionuclide chemistry and speciation. Further training included metals based nanoparticle
toxicity and chemical speciation. Her expertise is in metal toxicity, with specific emphasis on
the effects of environmental conditions on metal speciation and freshwater toxicity. A CV is
included as Appendix B.

1.3 Information Reviewed

ADEC requested a third party review of the following documents:

1. USEPA. Use of the Water Quality Effects Ratio in Water Quality Standards. 1994.
http://water.epa.gov/scitech/swguidance/standards/upload/2003 08 06 standards modi
f-int- wer.pdf

2. Tetra Tech Study Plan for Developing Site-Specific Water Quality Criteria for the Chuitna
River Basin, Alaska, Sections 1, 2, 3.2, and 5, April 20, 2009

3. Tetra Tech. Determination of an Aluminum, Copper, Lead, and Zinc Water Effect Ratio for
the Chuit River Basin, Alaska. March 12, 2010.

4. Tetra Tech. Memorandum. Additional Discussion of WER Mixture Testing. Aug 10 2012.
Unofficial Region 10 EPA comments to the Alaska Department of Environmental

Conservation via email from William Beckwith May 10, 2013.
6. ADEC. DRAFT Decision Document. Site Specific Criteria for Bass Creek, Middle Creek, and
Lone Creek, Tributaries of the Chuit River. Public Notice Draft. March 29, 2013.

Items two through five were provided by PacRim Coal. An updated draft of item 6 (from
5/13/14) was provided by ADEC. Additional documents were reviewed as cited in this
technical professional opinion. Personal communications with Brock Tabor (ADEC), Marcus
Bowersox, and Jerry Diamond of Tetra Tech (written comments included as Appendix A) were
used to clarify information.

1.4 Structure of this Report

Sections 2.0 through 4.2 are a summary and assessment of the work completed by Tetra Tech.
Specifically, Sections 2.0 through 2.2 are a summary and assessment of the individual metal
WER tests, Section 3.0 provides background for understanding mixture toxicity, and Sections
4.0 through 4.1 are a summary and assessment of the Confirmatory (mixture) tests. Sections
5.0 through 5.4 are analyses conducted by Sofield to support recommendations, which are
included as Section 6.0.

2.0 Summary of the Individual WER Tests Conducted by Tetra Tech

An individual WER was determined for four metals using site water from sampling station 141


http://water.epa.gov/scitech/swguidance/standards/upload/2003_08_06_standards_modif-int-wer.pdf
http://water.epa.gov/scitech/swguidance/standards/upload/2003_08_06_standards_modif-int-wer.pdf
http://water.epa.gov/scitech/swguidance/standards/upload/2003_08_06_standards_modif-int-wer.pdf
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on Middle Creek and synthetic water (lab); the synthetic water was very soft for Al and soft
water modified to obtain a hardness between 20 and 25 mg/L as CaCOs for Cu, Pb, and Zn
(USEPA 2002, Tetra Tech 2014). The Al lab water was modified to target 10 mg/L hardness and
pH 6.5. For Al, the WER is a Total Recoverable cccWER. For Cu, Pb, and Zn, the WER is a
Dissolved cmcWER and can be applied to the CCC (Criterion Continuous Concentration) for
chronic toxicity. In calculating the WER for Cu, Pb, and Zn, the lab LC50 was hardness corrected
to match the hardness of the site water. Three rounds of testing were conducted using site
water collected at three flow conditions to represent the range of physicochemical
measurements obtained in previous monitoring. Pimephales promelas (fathead minnows) and
Daphnia magna were the test organisms; once it was established which of the two was most
sensitive, the remaining testing rounds used only that test organism. For Al, Pimephales
promelas (fathead minnows) were used for the three rounds of testing (discussed below). For
Cu, Pb, and Zn, Daphnia magna was the most sensitive. For each round, the WER for each
metal was calculated with Equation 1 or 2*.

If LC50 (lab) > SMAV; WER = Cso(site water) Equation 1
LCsq (lab water)

LCsq (site water)

If LCS0 (lab) < SMAV; WER =
SMAV

Equation 2
where SMAYV is the species mean acute value.
The geometric mean of the three WERs is reported as the final WER (Table 1).

2.1 Assessment of the Testing Approach and Results

The laboratory toxicity tests for the individual metals were of good design; the appropriate age
of organism was used, testing methods followed accepted methods, and QA/QC procedures
were good. Several irregularities were noted.

1. The measured dissolved Zn concentrations (for all sampling rounds) and the measured
dissolved Al (for the third sampling round) were greater than the measured total metal
concentrations in the ambient site waters. This did not impact final toxicity results or
interpretation of those results since the concentrations of the spiked samples, not ambient
samples, were used for the statistical analysis of the LC50s.

2. The D. magna control (lab water) survival was lower (60% and 80%) than test acceptability
criteria allows for (> 90%, USEPA 2002) in the first and second rounds of Al testing.
Additionally, there was no correlation between the measured Al concentrations and the

! Equation 1 was used for Al.
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percent mortality for the second round of tests in the lab water and so the concentration
response curve is not as expected, i.e. effects do not increase as Al concentration increases
(Tetra Tech 2010, Table 3.3a). Tetra Tech proposed that the low hardness (10 mg/L) in the
control is the cause of the unacceptable control mortality and lack of a positive
correlation, which is a reasonable explanation. The concentration-response curve is also
not as expected for the round 2 site water with D. magna (98 mg/L had greater survival
than the five Al concentrations < 98 mg/L and the 2 concentrations > 98 mg/L, see Tetra
Tech 2010, Table 3.3b).

No WER was calculated from these two D. magna tests; using the methodology for determining
the final WER detailed in Tetra Tech? (2010) this would only impact final WER calculations if

D. magna was more sensitive than P. promelas. It is not clear from the results of these tests
which is the most sensitive species under these conditions.

? The final WER was calculated as the geometric mean of three WERs from the most sensitive species tested.
USEPA (1994) requires that three WERs be determined for a primary species and only one confirmation WER be
determined for the secondary species.
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Table 1: Summary of criteria including unmodified criteria and proposed site specific criteria compared to metals concentrations

used in the Confirmatory test

Region 10 EPA

From single Current AK Standard Tetra Tech Recommended SSC (ug/L) | ADEC Recommended SSC Recommended SSC Confirmatory Concentrations in 80% Spike of Site Water™ (ug/L)
metal WER (ug/L) (ug/L)
D. magna P. promelas  D. magna  P. promelas

final WER®® | CMC CCC Hardness | CMC™® cMc® cMC' ccc®® Hardness [CMC™" ccC®  Hardness |CMC' €CC' Hardness (total) (total) (dissolved)  (dissolved) Hardness
Al 7.48 750 25 750 750 651 651 NA 750 651 NA <681 NA NA 700 662.5 122.8 118 unknown
Cu 6.17 3.64 25 22.46 234 37.7 16.9 25 22.46 16.9 25 <15.2 <20.19 unknown 35.5 37.8 14.5 15.8 unknown
Pb 8.88 13.88 25 123.25 124 2115 4.8° 25 NA NA NA NA NA® NA 322.5 337.5 23.5 30.3 unknown
Zn 1.17 36.2 25 42.36 43.3 61.8 42.7 25 42.36 427 25 <32.8 <33.07 unknown 65.3 67.8 30.8 34.8 unknown

? Based on Daphnia magna for Cu, Zn, and Pb. Based on Pimephales promelas for Al. Calculated as the geometric mean of three acute toxicity tests. From Tetra Tech (2010).
® Total metal concentration used for Al and dissolved metal concentration for Cu, Pb, and Zn.
° From Tetra Tech 2010. Calculated as the (Final WER) * (Current AK Standard)

¢ From ADEC 2008.

€ As total metal concentrations. From Diamond and Latimer (2010a). Calculated as (Tetra Tech recommended CMC (dissolved)) * (ADEC CF)).
f As total metal concentrations. From Diamond and Latimer (2011). Hardness is 38 mg/L (Tetra Tech 2014).
€ Corrected value based on (final WER)*(CCC)=4.795, given as 4.75 in Tetra Tech 2010.

" From Table 1, ADEC 2014

" Measured as the mean of concentrations from the spiked D. magna and P. promelas Confirmatory tests. As total recoverable for Al and dissolved for Cu and Zn. From Beckwith (2013).

J Uses the same relationship that exists between the CMC and CC of the Alaska standards. Both as dissolved concentrations. From Beckwith (2013).

k Request for SSC for Pb rescinded by PacRim Coal.

™ From Diamond and Latimer 2011.

NA - Not Applicable
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3. For all metals, the concentration series was changed from round to round to account for
toxicity tests of previous rounds. This is good practice since the goal is to use test
concentrations that bracket the effect level of interest (i.e. 50% mortality) and ideally
contains partial effects (percent mortality other than 100% or 0% in test concentrations).

4. The reporting limits for water chemistry are reported in Table 13 of PacRim Coal and Tetra
Tech (2009). A determination of the method detection limits and practical quantification
limits for each analysis is preferable; if this information was reported, it is not included in
the reviewed documents. Using the reporting limits, there are two occasions when Cu is
below the limits (round 2 and 3 for D. magna lab water); this should not impact the LC50s
since these are the lowest concentrations used to model the concentration response curve
and higher concentrations have minimal mortality so the statistical model will be negligibly
affected by the exact value used for these two concentrations.

The approach for Al testing and application of the WER was different from Cu, Pb, and Zn.
Specifically, the ambient pH and hardness were adjusted in the lab water (as discussed in
Section 2.0). The supporting argument given by Diamond and Latimer (2010a) for this
adjustment is that the chronic Ambient Water Quality Criteria for Aluminum was based on two
toxicity tests conducted in waters with pH approximately equal to 6.5 and hardness of
approximately 10 mg/L (USEPA 1988). The result of this is that the SMAV could not be used to
determine the WER since the physicochemical conditions under which the criteria were
calculated are different than the waters used for the Al toxicity tests. Because the intent of the
WER is to determine if site waters modify toxicity when compared to the waters used to derive
the criteria (i.e., lab or synthetic water), it is appropriate to use the (low pH and hardness)
adjusted lab water to determine the lab LC50 in the WER calculation for the chronic criterion
adjustment; this was a valid approach to determining this WER.

The acute criteria from the Al derivation document (USEPA 1988) uses a wider range of pH and
hardness conditions with the pH range from 7.05 — 8.3 and hardness at 220 mg/L for the

D. magna LC50 (and SMAV) of 38.2 mg/L and the pH range from 7.2 — 8.15 with hardness at 220
mg/L for the P. promelas LC50 (and SMAV) at 35 mg/L; because of these differences in the
waters used to derive the acute and chronic Water Quality Criteria (WQC) for Al, the use of the
WER calculated with lab water adjusted to match the chronic derivation of the criteria (i.e.,
hardness of 10 mg/L and pH 6.5) to derive an acute criterion is not appropriate.

The one issue of concern with any of the Individual tests is the lack of toxicity results from the
lab water D. magna test for Al since the approach used by Tetra Tech was to use the most
sensitive species to determine the WER and it is not clear which is more sensitive under these
test conditions. An analysis of considerations is presented.
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1. Given that the D. magna used in these two rounds for the Al tests were the same as the
ones used for the Cu, Pb, and Zn tests — and the control survival was acceptable for
those 9 tests (3 metals, 3 rounds), the low control survival is isolated to the Al tests.

a. The hardness of these tests at 10 mg/L was lower than recommended by USEPA
(2002) for culturing (160-180 mg/L) or for testing (80-100 mg/L) and Daphnids
are known to be sensitive to hardness (Sofield and Burtini, in press).

2. The lack of a correlation between percent mortality and Al concentration in the round 1
and 2 lab water D. magna studies is likely a result of complicated Al speciation and
limited Al solubility that is greatly affected by pH. Because of this and the previous
consideration, it is my opinion that repeating these tests under these conditions (pH and
hardness) would not produce acceptable results according to USEPA (2002) acceptability
criteria.

3. From the derivation document for the WQC for Al (USEPA 1988), a single study by
Kimball (1978) reported an LC50 and EC50 for the two test organisms used by Tetra
Tech. Comparing toxicities from one study is the best approach for understanding
relative species sensitivity of these two organisms since similar conditions were
presumably used for the tests, although the pH was different in each acute test (7.05
versus 7.34 for D. magna and P. promelas, respectively), which will affect the toxicity
results (Sparling et al. 1997).

a. The LC50 (and SMAV) was 38.2 mg/L and 35 mg/L for D. magna and P. promelas,
respectively making P. promelas more sensitive.

b. EC50s, however, showed that D. magna was more sensitive during chronic
exposures (0.7422 and 3.288 mg/L for D. magna and P. promelas, respectively).
Again, the pH of these two chronic tests were different with the Daphnia pH =
8.3 and P. promelas pH=7.24—-8.15. Aluminum solubility (and resultant
toxicity) should increase above pH 8 and below pH 6 (Sparling et al. 1997)
making a comparison of the chronic results highly questionable since solubility
was likely lower in the P. promelas chronic tests than in the D. magna tests.

4. Tetra Tech used the chronic conditions (pH and hardness from the WQC) to represent a
worst-case scenario (PacRim Coal and Tetra Tech, 2009); this is a reasonable assertion.

Given these considerations, there are two implementable options. First, the WER for

P. promelas could be accepted as the WER for the adjustment of the Al Alaska Water Quality
Criteria (AWQC). Second, the individual tests for Al could be repeated for both test species
using the acute conditions (pH — 7.2 to 8.3 and hardness = 220 mg/L) and the most sensitive
species determined for new Al WER calculations. The first option, even without knowledge of
which is the most sensitive, is the most conservative option because this is a worst-case
scenario (when compared to the acute conditions) in that less modifying factors are present
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when hardness is low and pH is in the range that increases solubility. Furthermore, repeating
the Al tests (option 2) would use different site waters than were used for Cu, Pb, and Zn, which
could further complicate the interpretation of results. Finally, since the CMC (Criterion
Maximum Concentration) for Al is not being modified by the WER, using hardness and pH from
the acute WQC would be of questionable application to the CCC since the hardness and pH are
different in the chronic WQC. It is my opinion that the geometric mean of the P. promelas tests
should be accepted as the final WER for Al.

2.2 Conclusions on the Use of the WERs

In accordance with the Interim Guidance (USEPA 1994) the cmcWER derived for Cu, Pd, and Zn
by Tetra Tech can be applied to both acute and chronic criteria. They should be applied to
dissolved criteria because:

1. The Cu, Pb, and Zn WERs were determined for dissolved metals,

2. The toxic species of these metals is established to be in the dissolved fraction based on
current scientific understanding of the mechanism of toxicity, and

3. The dissolved to total ratios varied between site water tests and from the USEPA
correction factors so that no single correction factor will allow for an accurate
conversion between total and dissolved metals (Table 2).

The Al WER should be applied to the total recoverable criterion for the chronic criteria because:

1. The Al WER was determined for total metals using pH and hardness conditions similar to
the toxicity tests used to derive the USEPA (1988) and ADEC (2008) CCC,

2. The conditions used to derive the CMC for Al are different than those used to determine
the WER and the differences include pH which has a large impact on toxicity in the
ranges used for all of the toxicity tests for Al (USEPA 1988, Tetra Tech 2010, Diamond
and Latimer 2011),

3. At pH 6-8, the solubility of Al is low (see Section 5.2.1) and so the majority of the Al
should be as total recoverable and specifically would not be dissolved, and

4. The USEPA (1988) and ADEC (2008) CCC uses total recoverable Al.
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Table 2: Summary of dissolved to total ratios for Cu, Pb, and Zn taken from USEPA (2009)
criteria

Dissolved:Total Ratio
From single-metal From single-metal
From USEPA WER testing in lab WER testing in From Mixture
Metal Criteria water Chuitna water testing
Cu 0.96 0.90 0.81 0.42
Pb 0.93 1.02 0.49 0.08
Zn 0.98 0.98 0.77 0.50

Table from Diamond and Latimer (2011, Table 1; hardness used for Pb USEPA Criteria is 38 mg/L). ADEC (2008)
uses the same Conversion Factor for the Dissolved to Total ratio as USEPA.

3.0 Mixed Metals Background

Using the results from the individual toxicity tests for Al, Cu, Pb, and Zn, Region 10 EPA
requested a mixed metals Confirmatory test. The Interim Guidance for determining metals
WERs (USEPA 1994) includes a special section for dealing with multiple metal situations and is
where the Confirmatory test is described. According to the USEPA, the issues associated with
mixtures include additivity and synergism3 of the metals at the site of toxic action, and
synergism that results from the metals competing for the same complexing ligands which
reduces the total concentration of ligand binding sites and increases the total bioavailable
metals concentrations. Importantly, not discussed by the USEPA is the potential for antagonism
where the observed toxicity of a mixture is lower than would have been predicted based on
individual toxicities. Antagonism can be categorized into functional antagonism, chemical
antagonism, dispositional antagonism, and receptor antagonism (Newman 2009). Of particular
relevance here is chemical antagonism where two toxicants react with each other to produce a
less toxic product; for example, this can occur when chemical reactions cause precipitation of
metals (see Sections 5.2.1 and 5.3). The importance of considering these joint actions is well
established since criteria based on a single toxicant may be considered protective, but waters
that contain multiple toxicants at “safe” levels individually may each contribute enough so the
criteria are underprotective because of addition or synergism, and similarly through
antagonism may be overprotective.

According to the USEPA (1994) the preferred method for considering the issues of potential
additivity or synergism of metals is to conduct at least one additional toxicity test using the

3 Cedergreen (2014) conducted a meta-analysis to identify how frequently synergism occurs with different classes
of chemicals. She concluded that “well documented severe synergistic metal-metal interactions” are rare
(occurring 3% of the time) despite a large number of studies on metals mixtures. When synergism does occur with
metals, it is most often when the metal concentrations are high (mg/L range).
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mixture of metals at their proposed new site-specific criteria (i.e., a Confirmatory test).
Acceptability of the mixture test must be demonstrated. As discussed by Diamond and Latimer
(2010a) this Confirmatory test was conducted with D. magna and P. promelas. Acceptability
was tested using an ANOVA to calculate the pMSD (13.4%) and a non-parametric Equal
Variance t Two Sample Test to compare the mortality in a site sample spiked with the four
metals and diluted to 80% with an unmodified (ambient) site sample (CETIS 2011, Tetra Tech
2014). An unspiked lab water sample was used as an additional control.

4.0 Summary of the Confirmatory Tests conducted by Tetra Tech

There were several deviations in the Confirmatory test design from the individual WER test
(Tetra Tech 2010, Tetra Tech 2014).

1. The ambient pH and hardness were used for these tests despite addition of Al to the
mixtures; Al was tested with modified conditions in the individual WER tests. A
comparison of the Al concentrations in the Confirmatory test to the Al CMC would be
appropriate because the water conditions are similar.

2. The number of Daphnia tested per water type was increased to 40, compared to 20 in
the individual WER tests.

3. Only one sample of each water type (lab water, site water, and spiked site water) was
tested using D. magna and P. promelas.

4. The spiked site water had Al, Cu, Pb, and Zn added at target concentrations equal to the
(total) site specific criteria proposed based on the individual WERs (Table 1).

5. The toxicity test for the spiked sample used an 80% dilution (20% ambient site water
with 80% of the spiked sample). Total recoverable and dissolved metals were measured
in the 80% dilution (Appendix A).

A ratio of the measured metal concentrations of dissolved and total fractions were presented
by Tetra Tech for Cu, Pb, and Zn (reproduced as Table 2); these ratios are presented for the
individual WERs in lab and site water, and in spiked site water for the Confirmatory test. They
are the average ratios of all test concentrations and all rounds for either lab or site water and
for each metal (Tetra Tech 2014). There is a decrease in this ratio, indicating that a larger
percentage of the metals are total, for all individually tested metals when the site water
(Chuitna) is compared to lab water. There is also a decrease in this ratio for each metal (Cu, Pb,
and Zn) when the individual test site water is compared to the mixture test site water (possible
reasons for this are discussed in Section 5.2).

For the D. magna test, the site water contained ambient concentrations of total Al and
dissolved Zn that were 31 and 11.3%, respectively, of the proposed site specific criteria (SSC).

10
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In the spiked site water, the total recoverable Al, Cu, and Zn were within 10% of the proposed

SSC (total). The total recoverable Pb concentration exceeded the proposed (total) SSC by
52.4%. The dissolved Cu, Pb, and Zn were 40.1, 11.9, and 50.9% of the proposed (dissolved) SSC
(Table 2 in Diamond and Latimer 2011). Similar results were obtained in the P. promelas test
(Table 3 in Diamond and Latimer 2011). The percentages of D. magna and P. promelas that

survived the exposures are included as Table 3.

Table 3: Percent survival from a 48 hour exposure

D. magna P. promelas
Lab Water Site Water 80% Spiked Lab Water Site Water 80% Spiked
Water Water

Replicate 1 100 100 60 100 100 100
Replicate 2 80 100 90 100 100 100
Replicate 3 100 100 90 90 100 90
Replicate 4 100 100 100 100 100 100

Average 95 100 85 97.5 100 97.5

Percent survival from a 48 hour exposure in soft synthetic lab water, ambient site water, and an 80% dilution of

site water spiked with Al, Cu, and Zn concentration within 10% of the proposed site specific criteria (SSC) for

D. magna and 12% for P. promelas as total recoverable metals. Pb was at 152.4 and 159.5% of the SSC as total

recoverable metals for D. magna and P. promelas, respectively (CETIS 2011, Diamond and Latimer 2011).

4.1 Assessment of the Testing Approach and Results

The report for the Confirmatory test was abbreviated (Diamond and Latimer 2011) and so
clarifications were made by Tetra Tech (2014, included as Appendix B). Based on the report

and the clarifications, | am satisfied that the Confirmatory tests were of good design.

The unofficial Region 10 EPA comments (Beckwith 2013) question the analysis used to

determine statistical differences between the site water and the spiked site water. The toxicity

results for the site waters for D. magna and P. promelas have high precision (all replicates had

100% survival for both species); statistical tests based on analyzing means relative to the

variability of the measurements (such as a t-test) cannot be conducted with this kind of result.

An ANOVA, which can be used for three or more samples, followed by pairwise comparisons

can be conducted with this data although assumptions of homoscedasticity and a Gaussian

distribution are likely violated (n is too small to confirm) and this is not recommended for

mortality data (Environment Canada 2007). Beckwith (2013) recommends the Test of

Significant Toxicity as a possible statistical test. Other statistical tests for single concentration

tests with mortality as the endpoint are included in Environment Canada (2007). In earlier

documents, Tetra Tech planned to use a t-test to analyze the data (i.e., Diamond and Latimer
2010a), but the lack of variability in the site control led to the ANOVA and equal variance t test
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two sample test. It may be useful to consult a statistician to confirm analysis of the
Confirmatory test results is acceptable if this continues to be an issue of concern.

The parties involved in this SSC adjustment do not agree how to use the results of the
Confirmatory tests. It is my opinion that the important scientific issues center on: 1) the use of
total or dissolved metals for the Confirmatory tests and for the final SSC; and 2) mixture
chemistry and toxicity. These are discussed in the remainder of this Section and in Section 5.

Diamond and Latimer (2010a) proposed that the proposed SSC as total metal concentrations be
used in the Confirmatory tests instead of the dissolved metal concentrations used in the Cu, Pb,
and Zn WERs, which was accepted by Region 10 EPA. Diamond and Latimer supported this with
several arguments:

1. The site specific acute and chronic Cu, Pb, and Zn criteria calculated using the single
metal WERs were similar regardless of whether they were reported as total or dissolved
metal concentrations. For confirmation on these calculations, see Question 4 in
Appendix A (Tetra Tech 2014).

2. The ADEC (2008) total to dissolved acute and chronic conversion factors for Cu, Pb, and
Zn are all near one (0.96 and 0.978 for acute Cu and Zn, respectively; Pb is hardness
dependent, at 38 mg/L for example, it is 0.932) . An Al conversion factor is not listed.
See Question 2 in Appendix A (Tetra Tech 2014).

3. ltis not feasible to obtain the correct dissolved metals concentrations in the mixture.

The first two arguments, which seem to be the same (Appendix A), are used to support that
similar results would be obtained for Cu, Pb, and Zn regardless of whether total or dissolved
concentrations are used. The third argument was supported (empirically) with the results of
the Confirmatory test, where total metal concentrations did not achieve predictable dissolved
metal concentrations (Table 2). To add conservatism to the SSC, Tetra Tech further
recommends that site specific water quality for Cu, Pb, and Zn be based on the total
recoverable metals concentrations (Diamond and Latimer 2010a). Specifically, they
recommend that AWQC for dissolved metals be converted to total recoverable concentrations
and the appropriate WER applied to those AWQC. Concentrations in the field would then be
measured as total metals and used to determine compliance with the AWQC. See Questions 2
and 3 in Appendix A (Tetra Tech 2014).
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5.0 Additional Information and Analysis

In support of this evaluation, a brief review of the literature related to mixture toxicity, a
summary of agueous metal chemistry and toxicity, and calculation of toxic units were
conducted by Sofield.

5.1 Joint Action of Metals Toxicity

A brief discussion of empirical results of mixed metals toxicity is presented to support a limited
understanding of the effects of mixed metals or joint action within the scientific community,
particularly as it relates to predictions of effects. Generally, non-interactive metals with similar
modes of action are considered to be additive. Copper, Pb, and Zn all interact with a Biotic
Ligand (Cu interacts with the Na* ion uptake channels, and Pb and Zn interact with the Ca®* ion
uptake channels, Niyogi and Wood 2004) but not with each other, so an assumption of
additivity is reasonable. Empirical studies that investigated the four metals used in this
Confirmatory test were not found, however, Cooper et al. (2009) used binary and tertiary
mixtures of Cu, Pb, and Zn to evaluate the joint action of the metals. In this study, mortality
during a 48 hour acute exposure for Ceriodaphnia dubia and Daphnia carinata, and a 7 day
chronic exposure for Ceriodaphnia was used to calculate the LC50 and EC50, respectively. Toxic
Units of the mixtures were then calculated and used to determine the type of joint action the
metals had. For the acute exposures: Pb and Zn were antagonistic for both species, Cu and Pb
were synergistic for both species, Cu and Zn were synergistic for D. carinata but additive for
Ceriodaphnia, and all three metals were additive for D. carinata but synergistic for
Ceriodaphnia. For the chronic Ceriodaphnia exposures: Pb and Zn were antagonistic, Cu and Pb
were also antagonistic, Cu and Zn were additive, and the three metals were antagonistic. As
summarized by the authors of this study, other research has found that the type of joint action
(additivity, antagonism, or synergism) of metals depends on the toxicity endpoint, the organism
species, and the metals concentration in mixture relative to the individual LC50s.

As this supports, it is difficult to predict how metals will behave in a mixture, and more
importantly that there may be synergism with one combination (concentration and type) of
metals and antagonism with a different combination (concentration and type).

5.2 Overview of the Aqueous Chemistry and Toxicity of Metals

The Biotic Ligand Model (BLM) is a conceptual model of how metals cause acute toxicity. The
model provides an important framework for an understanding of metal speciation and resultant
toxicity. More detailed explanations of the BLM can be found (e.g. Di Toro et al. 2001,
HydroQual 2007). The BLM combines an understanding of metal speciation from aquatic
chemistry with an understanding of gill surface chemistry and aquatic organism physiology. In
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aquatic systems, metals can complex with several types of inorganic (e.g., CI’, SO4>, OH’, CO5%,
and FI') and organic ligands (e.g. fulvic and humic acids which are components of dissolved
organic carbon (DOC)). The majority of these metal:ligand complexes are not able to interact
with the gill surface and so are not considered the toxic form of the metal. As the
concentration of these ligands increases, the concentration of metal:ligand complexes increases
and toxicity is reduced. At the gill surface, sites at which the toxic form of the metal (primarily
the uncomplexed ionic form) interacts are called the Biotic Ligand. The Biotic Ligand is known
to be Na* or Ca** ion uptake channels in the gill membrane (see Section 5.1). Other cations,
such as Ca*", Mg2+, and H*, can also interact with the Biotic Ligand. Because these cations do
not cause toxicity when they are at the Biotic Ligand, an increase in the concentrations of these
competing cations decreases the metal toxicity. The toxicity of a water can be predicted using
the BLM computer model which speciates the metals assuming equilibrium conditions. The
BLM computer model has been or is being developed for Ag, Al, Cd, Cu, Ni, Pb, and Zn
(Hydroqual 2014). The USEPA (2007) updated the Ambient Water Quality Criteria for Cu to
include the BLM for site specific water quality criteria and is reviewing updates for Zn and Ag
using the BLM (Santore et al. 2002, Santore and Paquin 2007). Not considered in the BLM are
sorption reactions of metals to suspended particulates, such as clays; sorption of metals to
suspended particulates would further decrease the concentration of the bioavailable form of
the metals and decrease toxicity.

Based on the decrease in the dissolved to total metal concentration ratios in the site water
WERs compared to in the lab water WERs (Table 2), it is clear that site water physicochemical
properties resulted in lowered solubility of the metals. The decrease in this ratio for the site
water Confirmatory test compared to the site water WER further supports that physicochemical
properties of the water result in lowered solubility of individual metals but also that the metal
complexations in solution affected concentrations of the other metals. It is not possible to
distinguish which of these played a larger role in the decreases in squbiIity4 (decreases of Cu,
Pb, and Zn were 48%, 84%, and 65%, respectively) because the physicochemical properties of
the site water changed from the WER tests to the Confirmatory tests (e.g., the ambient
hardness increased from 12, 16, and 18 in the WER tests to 38 mg/L as CaCOs in the
Confirmatory test) and the number of metals added to the site water changed from 1 to 4.
However, a combination of the two factors is most likely to have influenced the decrease in
solubility.

*An assumption here is that the dissolved fraction includes only soluble metals species and that no soluble species
are retained by the filter.
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5.2.1 Aluminum

Aluminum speciation and toxicity is highly dependent on the pH of the solution with low
solubility between pH 6 and 8 (Sparling et al. 1997). At pH near 7, Al concentrations in natural
water are low and the free ion form® of Al (AI**) does not exist (Butcher 1988, Thurman 1985).
Instead amorphous Al hydroxides are present and precipitate (Thurman 1985); as the waters
become more acidic or basic, the solubility of the Al hydroxides increases and so more dissolved
Al would be expected. Depending on pH, dissolved Al complexes readily with inorganic ligands
such as hydroxides, fluorides and sulfates, and organic ligands such as fulvic and humic acids.
These complexes act to keep the Al in solution as colloids or dissolved species but also as
biounavailable forms of Al, which reduces toxicity. Calcium in solution has also been shown to
reduce toxicity of Al (Butcher 1988).

The presence of aluminum in water can decrease the concentrations of other metals in several
ways. Alumina (Al,03) and aluminum hydroxides can act as sorbents of DOC between pH 4 to 9.
As these precipitate, the DOC is removed from solution (Thurman 1985). The same concept is
utilized in wastewater treatment with the addition of coagulants6 such as alum (KAI(SO4),
+12H,0) which readily hydrolyze in water. Both DOC and clays have been shown to enhance
these precipitation and flocculation processes. When other metals are bound to the DOC, they
are removed with the precipitation or flocculation. Other suspended metal particles not bound
to DOC may also be removed by sweep flocculation (Truitt and Weber 1979, Thurman 1985,
Zhuang 2008, Fu and Wang 2011). Aluminum oxides may also act as sorbents with other metals
sorbing directly to the sorbent, with co-precipitation acting to remove metals such as Cu and Pb
from solution (Karthikeyan et al. 1999, Pang et al. 2009).

The mechanism of acute toxicity for Al is proposed as either a chemical mechanism (some of
the dissolved species of Al interferes with Na* and CI” regulation) or a mechanical mechanism
(Al hydroxide colloids coagulate on the gill and cause suffocation or irritation). At pH 5 to 6, Al
coagulation on gill surfaces is thought to be the cause of toxicity (Nordstrom 1981, Butcher
1988, Peléo 1995, Sparling et al. 1997). Because the presence of Al complicates the
predictability of speciation of the other metals and resultant toxicity significantly enough,
Gustafsson (2011) recommended that AI** not be included in the Visual MINTEQ (VMIINTEQ) ’

> Specifically, Al(H,0)s>" but often presented as AlI*".

e Coagulants can act to neutralize negatively charged particles, which reduces repelling between those colloidal
and suspended particles, and allows polymerization and flocculation to occur as large particles are formed. The
floc may also collide with suspended particles or colloids and physically drag them down as they precipitate
(known as sweep flocculation).

" VMINTEQ is a geochemical model used to predict the speciation of substances in water. Itis a Windows based
version of the EPA’s MINTEQA2.
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BLM model®, although Hydroqual is developing an Al BLM (Hydroqual 2014). Gustafsson (2011)
further recommends that a BLM model for waters with multiple metals cannot be interpreted
with confidence since “the effects of mixed metals on toxicity are rather poorly known.”

5.3 Aqueous Geochemical Modeling of Solutions

Predictions of the metal speciation in a natural® water with models such as VMINTEQ are
possible when the water has been adequately characterized. The intent of the ambient water
quality criteria modifications associated with the proposed Chuit River site-specific criteria was
not to predict metal speciation and so the data needed to adequately model these waters are
not available. Given knowledge of aqueous chemistry, however, general predictions can be
made as to the types of interactions that may be occurring in the site waters which may affect
the concentrations of the dissolved fractions of the metals and subsequent toxicity to aquatic
life. The following discussion is not comprehensive (for example the complex interactions of pH
on aquatic chemistry and metal complexation at the Biotic Ligand are not included), but does
begin to describe the difficulties in predicting the chemical mechanisms of metal solubility and
toxicity in these waters.

Competition for binding sites on DOC occurs when competing cation concentrations such as
Ca®*, Mg", and H' increase, but also when ionic forms of other metals are present. Using the
Stockholm Humic Model (SHM) in VMINTEQ (version 3.0) at pH 7, preferential binding of the
metals to DOC* is Cu> Pb > Al > Zn. As DOC increases in waters, more metals would be
expected to be bound to the DOC; as more metals and other competing cations are added,
however, a smaller percentage of each individual metal would be bound to the DOC. Similar
types of competition between the metals for inorganic ligands would be expected. Coagulation
and flocculation would decrease metals concentrations in solution as discussed in Section 5.2.1,
although the presence of floc was not reported in any of the reports reviewed in the WER or
Confirmatory tests. Precipitation of insoluble non-crystalline minerals is expected at neutral
pH, particularly for Al and possibly Pb. As these metals precipitate, there is less competition for
complexation with inorganic ligands or binding sites on DOC because that precipitated metal is
removed from solution, but the DOC may precipitate also resulting in less overall metals in

® Several versions of the BLM exist. The USEPA has accepted a version that uses only Cu. VMINTEQ uses the same
databases and calculations, but also includes the ability to speciate many metals in solution, which the USEPA
version does not.

° “Natural waters” is a term commonly used in aquatic geochemistry to describe waters as they exist in the
environment. In this case, the site waters used in the WER and Confirmatory tests are examples of natural waters.
See Thurman (1985).

For simplicity, a distinction is not made throughout this document between dissolved organic matter (DOM) and
DOC (see Thurman 1985 and Gustafsson 2011 for more discussion on DOM).
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solution. As these examples suggests, all of these reactions (and many more) can occur and
which one does depends on what else is present in the water.

To provide a more comprehensive demonstration of the complexities, VMINTEQ (version 3.0)
was used to speciate a theoretical solution. This solution is based on the Confirmatory test in
that it has the same DOC, hardness, alkalinity and ammonia concentrations, but uses the USEPA
(2002) recipe for soft water to include K, Cl, SO4, and Mg. As part of the speciation in the
model, precipitation was allowed for oversaturated solids each time a mineral precipitated or
dissolved (Gustafsson 2011). Temperature was held constant at 24°C (the temperature used in
the Tetra Tech toxicity tests). In all cases, pH was 7.0'%. The SHM in VMINTEQ was used for the
DOC complexations with default parameters’>. The model was used to calculate carbonate
species from the measured alkalinity. Metal concentrations were included as the total metal
concentrations added to the site water in the Daphnia magna Confirmatory test. The model
was run with A) all four metals; B) Al, Cu, and Zn; C) Cu, Pb, and Zn; D) Cu only; and E) Zn only.

When all four metals were included in the model, 99.989% of the Al precipitated as diaspore;
99.981% precipitated when no Pb was present. Precipitation did not occur in the other models.
Of all of the dissolved species for each metal (which includes colloids but not precipitated
species), the percent that was bound to DOC is included as Figure 1. Zinc and Al were most
impacted by the presence of other metals (fewer metals resulted in more of the Zn or Al bound
to DOC); this is explained by the preferential binding of Pb and Cu to DOC which out-compete
the Zn and Al for binding sites when they are present.

The concentrations of the free ion (toxic) forms of Cu®, Pb, and Zn were also calculated with
the VMINTEQ models described above (Figures 2 and 3). Lower concentrations of the Cu®* and
CuOH" were calculated when Pb was absent, which can be explained by more available binding
sites on the DOC for Cu when Pb is absent. These two forms of Cu were predicted to be at their
lowest concentrations when only Cu was present in the water, for example, the Cu® (as a
percent of dissolved species) was 0.166 when Cu was the only metal, 0.217 when no Al was
present, 0.209 when no Pb was present, and 0.217 when all metals were present. Again, this
can be explained by less competition for organic and inorganic ligands; more Cu is bound to
ligands instead of dissolved as the toxic form when less competing metals are present. Of note,
the presence of Al did not change Cu complexation (comparing models A and C). This can be
explained by the fact that nearly 100% of the Al precipitated meaning there was negligible

" The stated pH of Chuit waters in Diamond and Latimer (2011).

12 Specifically, 82.5% of the DOC is fulvic acids, the DOM:DOC ratio is 1.65, and 100% of the active DOM is DOC
(Gustaffson 2011).

 See de Schamphelaere and Janssen (2002).
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competition for binding sites between Al and Cu. Similarly, Zn**

when Zn was the only metal in solution and Al did not change Zn** complexation.

Figure 1: Percent of each metal species that was dissolved and bound to DOC out of all

dissolved species for that metal.
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Figure 2: Percent of the toxic forms of Cu and Pb (Cu2+, CuOH+, and Pb2+) out of total
dissolved species of that metal, calculated by VMINTEQ.
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Figure 3: Percent of the toxic form of Zn (Zn**) out of the total dissolved Zn, calculated by

VMINTEQ.
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In summary, this modeling exercise demonstrates that the presence of multiple metalsin a
solution will influence which metals are complexed to humic and fulvic acids (Figure 1), and will
therefore, also affect how much of the toxic form of the metal is present (Figures 2 and 3). Itis
important to note the limitations of this modeling exercise, which follow. It was not meant to
reflect actual conditions in the Chuit River, rather the models were designed to show
(relatively) how the presence of different metals can affect speciation, which will affect toxicity.
Additionally, these models do not account for the coagulation and flocculation that could occur.
Finally, how these metals exert toxicity as mixtures is not considered in this exercise.

5.4 Toxic Units Assessment of the Confirmatory Tests

An assessment of the Toxic Units was conducted to allow for a consistent comparison of
individual WERs against the Confirmatory toxicity test results using the same hardness. Total
Toxic Units (TTU) were calculated for the Confirmatory mixture test for D. magna and

P. promelas. The dissolved and total metal concentrations measured in the site water from the
Confirmatory tests were compared to the toxicity results from the WER tests using individual
metal toxicity for each round in the site water (Equation 3) as described by USEPA (1991). As an
additional comparison, the CMCs from the Alaska Water Quality Criteria (AWQC) were used
(Equation 4). The Cu, Pb, and Zn AWQC and LC50s from the individual metals tests were
hardness adjusted to 38 mg/L to match the water hardness of the site water in the
Confirmatory test using equations in ADEC (2008) for AWQC corrections and Equation 5 for the
LC50 corrections.
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[Al]¢ [Cu]c [Pb]c [Zn]c

TTU,, =
LC504; LC50¢y LC50pp LC50zy,

Equation 3

where TTUy is the Total Toxic Units normalized to the individual metal WER results; LC50, is the
LC50 of metal x from the Tetra Tech (2010) WER (for example, LC50, is the LC50 of Al); [x]. is
the concentration of metal in the Confirmatory test (for example, [Al].is the measured
concentration of Al in the Confirmatory test) from Table 2 in Diamond and Latimer (2011).

[Al]c [Culc [Pb]¢ [Zn].
CMCa ' CMCcy = CMCpp = CMCzn

TTU, = Equation 4

where TTU, is the Total Toxic Units normalized to the AWQC; CMC, is the AWQC CMC of metal x
from the WER (for example, CMCy,, is the CMC of Al).

LC504 haraness 1 = eln(LCSO)—(slope x (In(hardness 2)—In(hardness 1)))Equation 5

where slope = 0.9422 for CU; 1.273 for Pb; and 0.8473 for Zn. From Tetra Tech (2010, Equation
2.1).

The LC50s were converted from total to dissolved (Al) and dissolved to total (Cu, Pb, and Zn)
concentrations using the measured dissolved to total ratios in the site water from each round
of testing (Table 4). The AWQC were hardness adjusted using the ADEC (2008) recommended
Freshwater Conversion Factors.

Table 4: Summary of average dissolved to total ratio for all metals tested from the Chuitna
individual metal WERs (Tetra Tech 2014).

Round Water Species Al Cu Pb Zn
Lab D. magna 0.04 0.86 0.93 0.98
P. promelas 0.005 0.91 0.08 0.98
Site D. magna 0.06 0.87 0.62 0.84
P. promelas 0.24 0.84 0.46 0.88
Lab D. magna 0.08 0.92 1.21 1.05
P. promelas 0.002 NA NA NA
Site D. magna 0.09 0.78 0.52 0.83
P. promelas 0.19 NA NA NA
Lab D. magna NA 0.89 0.9 1.05
P. promelas 0.02 NA NA NA
Site D. magna NA 0.6 0.43 0.71
P. promelas 0.53 NA NA NA

NA - Not Available
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Not all metals were used for all TTU calculations because: 1) In round three WER testing,

D. magna were not exposed to Al; 2) In rounds 2 and 3 WER testing, P. promelas were not
exposed to Cu, Pb, or Zn; and 3) A dissolved AWQC for Al does not exist. Excluding these metals
results in lower TTUs than if all were included. In round 1 WER testing for Al and Pb and in
round 2 WER testing for Al, the LC50 was greater than the highest concentration tested. The
highest concentration tested, therefore, was used as the LC50 for those situations (e.g. in Al
round 1 for D. magna, the LC50 was >190 mg/L so 190 mg/L was used as the LCO in calculating
the TTUy). If an actual LC50 had been calculated, this would result in a lower TTUy value since
a larger number would be used in the denominator for that metal in Equation 3.

Assuming that these metals have additive toxicity, a TTU of 1 is interpreted as a mixture that
would result in 50% mortality. A TTU less than 1 means the mixture should result in less than
50% mortality and a TTU greater than 1 means the mixture should result in more than 50%
mortality. Results of the TTU are included as Tables 5 and 6. In all cases, the TTU,, is less than 1
and there was less than 50% mortality (no significant toxicity measured for either test species)
in the Confirmatory tests as predicted by the TTUy.

The TTU, were all greater than 1. This is interpreted as a 4.34 to 23.05 factor'® increase in the
concentrations in the Confirmatory test compared to allowable (CMC) concentrations in a
mixture. This TTU, (for dissolved or total metals) provides a direct comparison to the CMCs
from the AWQC. Different interpretations of the TTU,, or TTU, calculated here would not be
accurate.

Table 5: Total Toxic Units using dissolved metals concentrations

TTU type Test species WER Round Metals Used for TTU TTU
TTU, D. magna 1 Al,Cu,Pb, Zn 0.248
TTU, D. magna 2 Al,Cu,Pb,Zn 0.5
TTU,, D. magna 3 Cu,Pb,Zn 0.26
TTU, D. magna NA Cu,Pb,Zn 4.34
TTU,, P. promelas 1 Al,Cu,Pb,Zn 0.243
TTU,, P. promelas 2 Al 0.005
TTU, P. promelas 3 Al 0.0005
TTU, P. promelas NA Cu,Pb,Zn 4.96

NA - Not Available

" These numbers are the minimum and maximum TTU, from Tables 5 and 6.
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Table 6: Total Toxic Units using total metals concentrations.
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TTU type Test species WER Round Metals Used for TTU TTU
TTU, D. magna 1 Al,Cu,Zn 0.45
TTU, D. magna 2 Al,Cu,Pb,Zn 0.65
TTU, D. magna 3 Cu,Pb,Zn 0.41
TTUA D. magna NA Al,Cu,Pb,Zn 22.02
TTU,, P. promelas 1 Al,Cu,Pb,Zn 0.08
TTU, P. promelas 2 Al 0.005
TTU,, P. promelas 3 Al 0.002
TTUA P. promelas NA Al,Cu,Pb,Zn 23.05

NA - Not Available

6.0 Recommendations as they Relate to the Application of the WER

Two specific questions were posed by ADEC as part of this technical opinion.

1. Is it appropriate to use the mixed metals Confirmatory tests to derive chronic criteria (as

Region 10 EPA suggests) given the chemistry and precipitation problems associated with

this test?

Application of the Confirmatory test to derive SSC is not recommended for the following

reasons:

a.

It is not my interpretation that this is the purpose of the Confirmatory test as
presented by the USEPA (1994) in Appendix F. This Appendix specifically
deals with mixtures of metals when individual WERs are used to adjust the

criteria to site specific conditions and states “If a WER is determined for each

metal individually, one or more additional toxicity tests must be conducted

at the end to show that the combination of all metals at their proposed new

site specific criteria is acceptable.” In my interpretation of this quote “at

their proposed new site specific criteria...” indicates that the site specific

criteria have been proposed prior to conducting the Confirmatory tests

(using the single metals tests in the Chuit River case), so that modifying

criteria again based on results of the Confirmatory test is not necessary or

required.

Based on the statistical analysis by Tetra Tech, there was no significant effect

of the metals in the Confirmatory test. It cannot be determined how much

more metal could be added to the site water before there would be a

significant effect, which makes these concentrations overprotective to an

unknown degree. As such, there is no basis to use these concentrations as

the concentrations for site specific criteria calculations. If the intent is to
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base the SSC on mixture testing, a different test design should be used where
either: 1) a point estimate can be determined or 2) a NOEC/LOEC can be
identified. The SSC could then be based on the concentration at which
unacceptable effects occur.

The chemical speciation and resultant toxicity of these waters cannot be
predicted using equilibrium models or with current knowledge of mixed
metal toxicity, meaning that this Confirmatory test represents toxicity under
only one set of conditions — it has no predictive ability. This is in part
because the waters have not been adequately characterized for a more
accurate representation of the metal speciation, but also because an
accepted approach to predict mixture toxicity (with the exception of Toxic
Units) does not exist and empirically collected data from other studies have
shown that several factors affect whether metals behave additively,
antagonistically, or synergistically (see Section 5.1). The use of an actual
toxicity test (as conducted with the Confirmatory test), however, does
eliminate the need to predict whether toxicity will occur since the organisms
respond to the exact conditions they are exposed to.

Related to reason c, but more specifically, the Confirmatory tests used four
metals (Al, Cu, Pb, and Zn). Site specific criteria is being requested for three
metals (Al, Cu, and Zn). Based on the speciation of a theoretical water
(Section 5.3) the presence of Pb affected the speciation of other metals in
the Confirmatory test. This was an overly simplified model so exact effects
cannot be definitively specified, but a change in speciation is expected in the
absence or presence of Pb. If these metals are behaving additively, then the
presence of Pb would result in an overprediction of Al, Cu, and Zn mixture
toxicity. If the presence of the Pb results in chemical antagonism, then the
Confirmatory tests would underpredict the toxicity of Al, Cu, and Zn in a
mixture.

The Toxic Units calculations presented here indicate that mortality less than
50% was expected based on dissolved and total recoverable metals
concentrations when normalized for lab water LC50s. As currently analyzed,
there was no significant difference in mortality compared to the unspiked
site water in the Confirmatory test. The concentration of metals used in
Confirmatory tests exceeds the CMCs when the mixture of metals is
considered. When metals are missing from any of the TTU calculations, the
calculation should be considered a conservative one since more metals
would result in a greater TTU. The greater the TTU, the more toxicity would
be predicted.
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f. The Confirmatory tests used one site sample, where the WER tests relied on
three samples. A range of physicochemical conditions is not, therefore,
considered with the Confirmatory test.

g. ADEC described the decreased solubility in the Confirmatory tests as
“chemistry and precipitation problems.” Instead, these should be considered
as an example of the type of chemical reactions that would occur in natural
waters. The goal of site specific criteria is to determine how site specific
conditions influence toxicity; the site specific conditions include presence
and concentrations of organic and inorganic ligands and other metals. In
these waters, because of the chemical and precipitation reactions, dissolved
concentrations were lower than predicted by USEPA (2009) and ADEC (2008)
Correction Factors and significant toxicity was not measured at the total
concentrations used in the Confirmatory tests. It was confirmed, therefore,
that site specific conditions change the water quality such that toxicity occurs
at different concentrations of metals than if laboratory water was used
without the ligands or other metals present.

h. Finally, the Confirmatory tests did not advance the understanding of
mechanisms through which toxicity would occur with multiple metals, nor
did it advance the understanding of the changes to metal speciation.
Without a better understanding of these, there is little scientific evidence to
support changing the SSC derived from the WERs to a SSC derived from the
Confirmatory tests.

The second question posed by ADEC was:

2. Does the methodology allow the use of individual WER tests to derive the site specific
criteria, even if the mixed metals Confirmatory tests did not have [dissolved] metals
concentrations as high as the individual WER tests?

It is my opinion that the individual WER tests are the best methodology available to
derive the SSC. As described above, the Confirmatory test supported that there was
no significant toxicity at the total metals concentrations used which were based on
the individual WER tests. The fact that dissolved concentrations could not be
achieved as predicted by USEPA and ADEC Correction Factors is a consequence of
complicated aqueous and surface chemistry and is representative of what would
happen in natural (Chuit River) waters.
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Finally, my conclusion based on the analysis presented in this report is that the
presence of Al is likely to result in chemical antagonism since dissolved Cu and Zn
concentrations should and did decrease.

As opposed to using the Confirmatory results to derive site specific criteria, | recommend that
the site specific criteria be derived for Al (as total recoverable) using the single metal WER for
the following reasons:

1. ADEC (2008) supports that a SSC based on a WER is appropriate for Al.

2. ADEC (2008) summarize a study with brook trout exposed to Al at low pH and hardness.
Toxic effects increased as total Al increased despite dissolved Al remaining constant
(ADEC 2008). This supports that a mechanical mechanism (as opposed to a chemical
mechanism caused this toxicity, see Section 5.2.1) and SSC based on total recoverable
should account for this mechanism of toxicity, although it is likely to be overprotective
as described by Butcher (1988).

a. Alis often associated with clay and other secondary minerals which are
biounavailable and would decrease toxicity; these would be measured with total
recoverable Al which adds a level of conservatism to this criteria (Butcher 1988,
ADEC 2008).

3. Asof now, there is no consensus as to how Al should be regulated as a dissolved
fraction.

Finally, | recommend that Cu and Zn criteria be derived (as dissolved) using the individual WERs
for those metals. Copper and Zn criteria are currently regulated as dissolved concentrations
because a scientific consensus exists as to how these metals exert toxicity in freshwater
systems (BLM). There is no scientific reason to change how these metals are currently
regulated based on the results of the Confirmatory test.
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Appendix A: Clarifications on Confirmatory Test from Tetra Tech 2014

Tetra Tech (Tt) Response to Ruth Sofield Inquiries

1) Sofield: It looks like the lab water was soft water (according to the CETIS reports). Can you
confirm that is correct and that the soft water recipe from ASTM or WET was used? (i.e. 48
mg/L NaHCO3, 30 mg/L CaS04 2H20, 30 mg/L MgS04 and 2 mg/L KCl).

Tt Response: Laboratory dilution water for copper, lead, and zinc was reconstituted
using EPA’s formulation (EPA 2002) to simulate the expected hardness of the site water.
The dilution water consisted of reconstituted water with hardness between 22 mg/L and
26 mg/L (Table 1). EPA (2002) presents preparation methodology for “very soft” and
“soft”. The “very soft” preparation methodology was used for the reconstituted water
used for aluminum testing. Because the “soft” preparation methodology would have an
approximate hardness of 40 — 48 as indicated by USEPA (2002a), the preparation
methodology used was between the “very soft” and the “soft” which resulted in a
hardness of 20 — 25 mg/L as CaCOs. This water was used for copper, lead, and zinc WER
testing.

Table 1. Amount of constituents added to make either ultra-soft (hardness 10 — 13 mg/L
as CaCOs) or soft (hardness 20 — 25 mg/L as CaCO3).

Round Metal NaHCO3 MgS04 KCl (mg/L) CaS04*2H20
(mg/L) (mg/L) (mg/L)
1 Al 12.0 7.5 0.51 7.5
Cu, Pb, Zn 30.0 18.6 1.28 18.8
2 Al 12.0 7.5 0.52 7.5
Cu, Pb, Zn 30.0 18.8 1.25 18.8
3 Al 12.0 7.5 0.52 7.5
Cu, Pb, Zn 30.0 18.8 1.28 18.8

Sofield: No response necessary.
Clarifying Questions:

Sofield: On the attached document®, page 2, there is a statement as follows:

"In keeping with using total metals in confirmatory testing, we would herein propose that site
specific

criteria for copper, zinc, and lead be based on total recoverable rather than dissolved
standards; i.e., the WERs determined in this study would be applied on the basis of total
recoverable rather than dissolved copper, lead, and zinc. This would add an additional measure
of conservatism to ensure that the site-specific criteria are protective of aquatic life in the
Chuitna."

!> Diamond and Latimer, 2010a.
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2) Sofield: Are you recommending that the WERs from the individual tests be applied to the
total metals from the ADEC criteria (which are dissolved and would need to be converted to
total using which dissolved:total ratio - ADEC's or yours from single tests or yours from mixed
test?) or that the WERs from the individual tests be applied to the total metal concentrations
used in the mixture (confirmatory) test or that the WERs from the individual tests be applied to
the total metals in the single metal tests or something else?

Tt Response: ADEC criteria for copper, lead, and zinc, which are based on dissolved, can
be converted to total based on the conversion factors (CF) provided by USEPA in the
National Recommended Aquatic Life Water Quality Criteria (USEPA 2002b) and ADEC
Water Quality Criteria Manual for Toxic and Other Deleterious Organic and Inorganic
Substances (ADEC, 2008). Conversion factors for acute and chronic criteria for copper,
lead, and zinc are very close to 1.00 as shown below:

Table 2. Summary of total to dissolved conversion factors from USEPA (2002) and ADEC (2008).

Parameter Acute Conversion Factor Chronic Conversion Factor

Copper 0.960 0.960

Lead* 1.46203-[(In hardness)(0.145712)] 1.46203-[(In hardness)(0.145712)]
Zinc 0.978 0.986

*=0.993 at 25 mg/L as CaCO; hardness

These conversion factors (CF) are used in the equations provided by USEPA (2002) and
ADEC (2008) to calculate the dissolved metals criteria from the total metal criteria:

CMC (dissolved) = exp{m[In(hardness)]+ b,}(CF)
CCC (dissolved) = exp{m([In (hardness)]+bc}(CF)

Where my, by, m¢, and bc are defined in the documents and CF is the conversion factor

listed above.

Sofield: My interpretation of this answer is that the ADEC WQC as dissolved would be
converted to total, and the WER applied to that concentration. This was confirmed by
personal communication with Bowersox and Diamond (Tetra Tech) on 6/25/14.

3) Sofield: Can you explain the thinking behind why this would provide more conservatism?

Tt Response: Basing the WERS and site-specific criteria on total rather than dissolved
metal is conservative because the total metal concentration will always be greater than
the dissolved fraction. Thus, if the WER is applied to the total metal concentration and
the dissolved metal concentration (which is the biologically active portion) is actually
only a portion of the total, then the site specific criteria would be conservative. If one
applied the WER to the dissolved fraction and the dissolved fraction is actually less than
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100% of the total, then one could conceivably discharge more metal as total metal. For
example, assume that the WER for copper, based on dissolved copper, indicated a
criterion of 60 ug/L dissolved copper. If the dissolved fraction was only 50% of the total
metal measured then 120 ug/L total copper could be discharged, but if the criterion was
expressed as total, then in this example only 30 ug/L dissolved metal would be actually
allowed (total = 60 ug/L).

Sofield: Confirmed with Bowersox and Diamond (personal communication, 6/25/14)
that the ADEC/EPA Correction Factor is used (which is my interpretation of the previous
answer)

4) Sofield: In the same document, there is a statement "The site-specific acute and chronic
criteria for copper, lead, and zinc differ only slightly when represented as the total recoverable
fraction instead of the dissolved fraction (less than 4% difference depending on the metal)."

Is this calculation (4% difference) based on a) running CETIS with the total metal concentrations
and with the dissolved concentrations and comparing those LC50s or by taking the dissolved
LC50s and applying some correction factor for dissolved to total (if so, what is that correction
factor)?

Tt Response: See response above for conversion factors that account for less than 4%
difference in total recoverable versus dissolved fraction for copper, lead, and zinc.

Sofield: | interpret this to mean that CETIS uses dissolved Cu, Pb, and Zn concentrations or total
Al concentrations, which were converted with the ADEC CF to total Cu, Pb, and Zn (no
conversion for Al in ADEC WQC). However, the sentence that follows the statement in
qguestion is: “In addition, the total to dissolved ratios for these metals in the ADEC water quality
standards are also near 1.0, indicating little difference between total and dissolved standards
for these metals.” Meaning this second statement in Tetra Tech (2010) is redundant since the
previous sentence in that document uses the same ADEC dissolved to total ratios that the
second sentence refers to.

The requests are:

5) Sofield: Can you provide the dissolved to total metal ratios for each round of individual
tests?

Tt Response: See Table below for the calculated dissolved to total ratio for each
contaminant and each round of WER testing. Ratio presented is the average ratio for lab
or site water. Ratios were calculated by dividing the measured dissolved fraction by the
measured total fraction for each concentration that was measured.
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Table 3. Summary of average total:dissolved ratio for all metals tested for Chuitna WER.

Round Water Species Al Cu Pb Zn
1 Lab D. magna 0.04 0.86 0.93 0.98
P. promelas 0.005 0.91 0.08 0.98
Site D. magna 0.06 0.87 0.62 0.84
P. promelas 0.24 0.84 0.46 0.88
2 Lab D. magna 0.08 0.92 1.21 1.05
P. promelas 0.002
Site D. magna
P. promelas
3 Lab D. magna

P. promelas
Site D. magna
P. promelas

Sofield: No response necessary.

6) Sofield: Can you explain how those ratios were calculated? Is it the average of the ratio for

all test concentrations or something else?

Tt Response: Ratios were calculated by dividing the measured dissolved fraction by the
measured total fraction for each concentration that was measured. Total and dissolved
metal concentrations were measured at test initiation and dissolved metal concentration
was measured prior to renewal at 24 hours or prior to test completion at 48 hours, if a
renewal at 24 hours was not necessary. The ratios presented are the average ratio (both
total:initial dissolved and total:final dissolved) for lab or site water for all concentrations
measured per round.

Sofield: Good approach.

7) Sofield: If you calculated the LCso for Cu, Pb, and Zn using total metal concentrations and the

LCso for Al as dissolved concentrations, can you make those results available?

Tt Response: These LC50s were not calculated in this study as they were not required.
However, based on the total to dissolved ratio of nearly 1.0 (see tables presented above),
the LCsos for total copper, lead, and zinc are expected to be similar to LCsps based on the
dissolved fraction.

Sofield: No response necessary.

8) Sofield: If you did any range finding type of tests with the mixtures, could you make those

details (concentration series and results) available?
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Tt Response: The testing completed for the analysis of the water effects ratio (WER)

were used as range finding tests to determine the appropriate concentrations used in the
mixture tests. No additional range-finding tests were conducted.

Sofield: from EPA (Beckwith 2013), “A third point concerning additional information
related to the metals mixture test; a 12/14/10 email from Dan Graham of PacRim
indicated that Tetra Tech ran a series of tests spanning the target level for the WER
confirmation tests. Both ADEC and EPA had suggested such testing because it could be
useful in evaluating the effects of the metals in combination.” leads me to believe that

EPA expected range finding type tests, which did not occur. Bowersox and Diamond
(personal communication, 6/25/14) did state that some preliminary tests were
conducted to assess solubility of the metals only (no toxicity was assessed with these

preliminary tests).

9) Sofield: Can you provide the water quality measurements for the Confirmatory tests? Most
important is the hardness that test was conducted at, but other parameters (including DOC)

would be useful.

Tt Response: The water quality including hardness, alkalinity, dissolved oxygen, pH,

conductivity, ammonia, chlorine, dissolved organic carbon (DOC), total organic carbon

(TOC), and total suspended solids (TSS) of the site water that was used in the

confirmatory testing is included in the table below.

Table 4. Summary of water quality from the Chuitna site water used in confirmatory testing.

Parameter Range for D. magna Testing Range for P. promelas Testing
Minimum Maximum Minimum Maximum

Dissolved Oxygen (mg/L) 8.7 10.4 8.1 10.1

pH (su) 6.9 7.8 6.9 7.8

Conductivity (umhos/cm) 77.3 85.9 76.8 81.3

Temperature (°C) 24.3 24.4 24.3 24.4

Ammonia (mg/L) 0.03

Chlorine (mg/L) ND (<0.01)

Hardness (mg/L as CaCO3) 38

Alkalinity (mg/L as CaCO3) 14

DOC (mg/L) 4.3

TOC (mg/L) 4.9

7SS (mg/L) 46

Total Al (mg/L) 0.21

Total Cu (mg/L) ND (<0.001)

Total Pb (mg/L) ND (<0.001)

Total Zn (mg/L) ND (<0.005)

Sofield: No response necessary
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10) Sofield: From Tables 2 and 3 (Jan 2011 memo)®® on the attached file, can you clarify if the
measured total recoverable metals in the spiked site are the concentrations measured in the
spike before dilution or in the 80% dilution used in the toxicity tests?

Tt Response: The measured total recoverable and measured dissolved metal
concentrations presented in Tables 2 and 3 are the average concentrations measured in
the 80% dilution used in the toxicity testing. Total recoverable and dissolved metal
concentration was measured at test initiation, before test renewal at 24 hours, after test
renewal at 24 hours, and at test completion at 48 hours. The average of these four
values is what is presented in Tables 2 and 3 of the Jan 2011 memo.

Sofield: No response necessary.

11) Sofield: From those same Tables (2 and 3), can you clarify how the total recoverable acute
criterion was calculated? | believe it is hardness corrected, but can't be sure. | also can't tell
what Dissolved:Total conversion was used.

Tt Response: The “Total Recoverable Acute Criterion” was calculated based on the site
hardness of 38 mg/L. The dissolved:total conversion used was what is presented by
USEPA (2002) and ADEC (2008) and summarized in Table 2 above.

Sofield: No response necessary.

References used by Tetra Tech (2014) for their responses:

U.S. Environmental Protection Agency. 2002a. Methods for Measuring the Acute Toxicity of
Effluents and Receiving Waters to Freshwater and Marine Organismes, Fifth Edition, October
2002. EPA-821-R-02-012. Office of Water, Washington, DC.

U.S. Environmental Protection Agency (USEPA). 2002b. National Recommended Water Quality
Criteria: 2002. EPA-822-R-02-047. Office of Water, Washington, DC.

Alaska Department of Environmental Conservation (ADEC). 2008. Alaska Water Quality Criteria
Manual for Toxic and Other Deleterious Organic and Inorganic Substances. As amended
through December 12, 2008. Accessed via the internet at:
http://dec.alaska.gov/water/wqgsar/wqgs/

'® Diamond and Latimer 2011.
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Appendix B: Abbreviated CV for Sofield
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Assistant Professor, Department of Environmental Sciences, Huxley
College of the Environment, Western Washington University, 2003 —
2009

Marine and Estuarine Science Program Faculty, Shannon Point
Marine Center, 2004 — present

Post-doctoral Fellow, Colorado School of Mines, 2002 — 2003

Field Biologist, Center for Coastal Environmental Health and
Biomolecular Research, Marine Ecotoxicology Branch, National
Ocean Service, NOAA, Charleston, SC, 1999 — 2002

Marine Ecotoxicology Teaching Assistant, June 2001 — July 2001
The Bermuda Biological Station for Research, Inc.

Toxicology Investigator, July 2000 — May 2002

Investigation of acute toxicity of mine tailings leachate to Daphnia
magna, Vibrio fischeri, and Lactuca sativa using standard testing
procedures, including ASTM and Microtox protocols.

SELECTED RESEARCH

Environmental Chemistry and Toxicity of Silver Nanoparticles,
Visiting Researcher, Work conducted at Environmental Toxicology
Department at EAWAG in Dubendorf, Switzerland. September 2010 —
August 2011.

38



FINAL
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Smith K, Ranville J, Lesher E, Diedrich D, McKnight D, Sofield R. Fractionation of Dissolved Organic
Matter by Iron and Aluminum Oxides—Influence on Copper Toxicity to Ceriodaphnia dubia.
Submitted to Environmental Science and Technology (in review).

Sofield RM, Tinnacher RM, Eckard SM. 2013. Ecotoxicology: Plutonium. In Scott Elias (Ed.),
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